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4F: Irrigation Water Management

Management Measure for Irrigation Water

To reduce nonpoint source pollution of ground and surface waters caused by
irrigation:

(1) Operatetheirrigation system so that the timing and amount of irrigation
water applied match crop water needs. Thiswill require, asaminimum:
(a) the accurate measurement of soil-water depletion volume and the
volume of irrigation water applied, and (b) uniform application of water.

A primary concern
for irrigation water
management is the
discharge of salts,

(2) When chemigationisused, include backflow preventersfor wells, pesticides, and
minimize the harmful amounts of chemigated watersthat discharge from nutrients to ground
the edge of thefield, and control deep percolation. In cases where water and discharge
chemigation isperformed with furrow irrigation systems, atailwater of these pollutants
management system may be needed. plus sediment to

Thefollowing limitations and specia conditionsapply: surface water.

(1) Insomelocations, irrigation return flows are subject to other water rights
or arerequired to maintain stream flow. In these special cases, on-site
reuse could be precluded and would not be considered part of the
management measure for such locations. In theselocations,
improvementsto irrigation systems and their management should still
occur.

(2) By increasingthewater use efficiency, the discharge volume from the
system will usually be reduced. Whilethetotal pollutant load may be
reduced somewhat, there isthe potential for anincreasein the
concentration of pollutantsin the discharge. In these special cases, where
living resources or human health may be adversely affected and where
other management measures (nutrients and pesticides) do not reduce
concentrationsin the discharge, increasing water use efficiency would not
be considered part of the management measure.

(3) Insomeirrigation districts, thetimeinterval between the order for and the
delivery of irrigation water to thefarm may limit theirrigator’sability to
achieve the maximum on-farm application efficienciesthat are otherwise
possible.

(4) Insomelocations, leaching isnecessary to control salt inthe soil profile.
Leaching for salt control should belimited to the leaching requirement for
the root zone.

(5) Whereleakage from delivery systemsor return flows supports wetlands
or wildliferefuges, it may be preferable to modify the systemto achieve a
high level of efficiency and then divert the “ saved water” to the wetland
or wildliferefuge. Thiswill improvethe quality of water delivered to
wetlands or wildlife refuges by preventing the introduction of pollutants
fromirrigated landsto such diverted water.

(6) Insomelocations, sprinkler irrigationisused for frost or freeze
protection, or for crop cooling. In these special cases, applications should
be limited to the amount necessary for crop protection, and applied water
should remain on-site.
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Effective irrigation
management reduces
runoff and leachate
losses, controls deep
percolation and,
along with cropland
sediment control,
reduces erosion and
sediment delivery to
waterways.

Management Measure for Irrigation Water: Description

Thegoal of thismanagement measureisto reduce movement of pollutantsfrom
land into ground or surface water from the practice of irrigation. Thisgoal is
accomplished through consideration of the following aspects of anirrigation
system, which will be discussed in this chapter:

Irrigation scheduling
Efficient application of irrigation water
Efficient transport of irrigation water

A wDd e

Use of runoff or tailwater
5. Management of drainage water

A well designed and managed irrigation system reduces water |0ssto evaporation,
deep percolation, and runoff and minimizes erosion from applied water. Applica-
tion of this management measure will reduce the waste of irrigation water, improve
water use efficiency, and reduce thetotal pollutant dischargefrom anirrigation
system. It focuses on components to manage the timing, amount and location of
water applied to match crop water needs, and special precautions (i.e., backflow
preventers, prevent runoff, and control deep percolation) when chemigationis
used.

Irrigation and Irrigation Systems: An Overview

Irrigation, the addition of water to landsviaartificial means, isessential to profit-
ablecrop productionin arid climates. Irrigation isalso practiced in humid and
sub-humid climatesto protect crops during periods of drought. Irrigationisprac-
ticed in al environmentsto maximize production and, therefore, profit by applying
water when the plant needsit. Figure 4f-1 showsthe distribution of irrigated
farmland inthe U.S. (USDA-ERS, 1997).

Figure 4f-1. Irrigated land in farms, 1992. Source: USDA-ERS, 1997, based on
USDC 1992 Census of Agriculture data.
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Soil-Water-Plant Relationships

Effective and efficient irrigation beginswith abasic understanding of therelation-
shipsamong soil, water, and plants. Figure 4f-2 illustrates the on-farm hydrologic
cycleforirrigated lands, and Table 4f-1 provides definitions of several terms
associated withirrigation. Water can be supplied to the soil through precipitation,
irrigation, or from groundwater (e.g., rising water table due to drainage manage-
ment). Plants take up water that is stored in the soil (soil water), and usethisfor
growth (e.g., nutrient uptake, photosynthesis) and cooling. Transpirationisthe
most important component of the on-farm hydrologic cycle (Duke, 1987), with
the greatest share of transpiration devoted to cooling. Water isalso lost viaevapo-
ration from leaf surfaces and the soil. The combination of transpiration and
evaporation isevapotranspiration, or ET. ET isinfluenced by several factors,
including plant temperature, air temperature, solar radiation, wind speed, relative
humidity, and soil water availability (USDA-NRCS, 19974a). The amount of water
the plant needs, its consumptive use, isequal to the quantity of water lost through
ET. Duetoinefficienciesinthedelivery of irrigated water (e.g., evaporation,
runoff, wind drift, and deep percolation losses), the amount of water needed for
irrigationisgreater than the consumptive use. In arid and semi-arid regions,
salinity control may be aconsideration, and additional water or “leaching require-
ment” may be needed.

Figure 4f-2. On-farm hydrologic cycle for irrigated lands.
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Table 4f-1. Soil-water-plant relationship terms.

Term Definition

Evaporation The transformation of water to vapor without passing through
the plant.

Transpiration The movement of water into plant roots, through the plant, and
out the stomata as water vapor.

Evapotranspiration (ET) Evaporation + Transpiration

Soil water W ater stored in the soil.

Soil-water potential A measure of the strength with which the soil holds the water.
Soil water potential is the amount of work required per unit

Soil-water tension quantity of water to transport water in soil, and is measured in
units of bars and atmospheres or cm. A tension is a negative

Soil moisture tension potential. Water moves from high to low potential.

Gravitational water W ater that moves downward freely in soils under the force of

Free water gravity.

Capillary water W ater that moves slowly through smaller pores in soils, due to

surface tension forces in unsaturated conditions.

Field capacity The amount of soil water stored in the soil after free water
(gravitational water) passes through the soil profile. Sometimes
referred to as 2-3 day drainage or a soil water potential of
about -1/3 bar. For a sandy soil, this might occur in less than

one day.

Available water capacity The amount of stored soil water that is available to the plant.

W ater holding capacity The amount of water that can be stored in the soil at field
capacity.

Permanent wilting point The soil-water content at which most plants cannot obtain
sufficient water to prevent permanent tissue damage, about
-15 bars.

Management allowable depletion (MAD) The greatest amount of water that can be removed by plants
before irrigation is needed to avoid undesirable crop water

stress.
Consumptive use The amount of water that is used by the plant. Is equal to ET.
Soil texture The proportion of the various sizes of soil particles (sand, silt,

and clay). Defines coarseness or fineness of soil, along with
structure, and controls the hydraulic characteristics of the soil.

Soil structure The arrangement and organization of soil particles into natural
units of aggregation.

Bulk density The weight of a unit volume of dry soil.

Build up of saltstypically occursin regionswhere evapotranspiration exceeds
precipitation. Salts contained in precipitation or dissolved in the soil areleft behind
as evaporation and capillary action transports and deposits these salts near the
surface. Salinity isnot normally aproblem in humid regions, where natural
leaching of saltsfrom rainfall occurs.

Excess saltsin the soil have an adverse impact on plant growth. Thetotal concen-
tration of saltsin the soil solution exerts an osmotic force, and therefore makesit
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moredifficult for plantsto uptake water. In addition, specific ions, such aschlo-
ride, sodium, boron and others may have atoxic effect on plants at certain levels.
Cropsrespond differently to both total and specific salts, some being more sensi-
tivethan others.

Plant growth depends upon arenewabl e supply of soil water, which isgoverned
by the movement of water in the soil, the soil-water holding capacity, the amount
of soil water that isreadily availableto plants, and the rate at which soil water can
be replenished (Duke, 1987). Efficient irrigation provides plantswith thisrenew-
able supply of soil water with aminimum of wasted time, energy, and water.
Knowledge and understanding of the factorsthat affect water movement inthe
soil, storage of water inthe soil, and the availability of water to plants are essential
to achieving maximumiirrigation efficiencies.

M ovement of soil water

When water isapplied to soilsit moves viasuch pathways asinfiltration, runoff,
and evaporation (Figure 4f-2). The ultimate fate and transport of applied water is
determined by variousforces, including gravity and capillary force. Gravity pulls
water downward freely in soilswith large pores, causing it to move through the
root zone quickly if not taken up by the crop (Duke, 1987). As the water passes
through the soil, the poresarefilled again with air, preventing crop damage that
could arise dueto excesswater. In soilswith smaller pores, water movesvia
capillary forces. This*“ capillary water” moves more slowly than gravitational
water, and tends to move from wetter areasto drier areas. The lateral distribution
of capillary water makesit moreimportant to theirrigated crop sinceit provides
greater wetting of the soil (Duke, 1987). In saturated conditions, gravity isthe
primary force causing downward water movement (\Watson, et al. 1995), while
capillary actionisthe primary forcein unsaturated soil.

The above discussion uses subjective terms such as* capillary water” and “gravita-
tional water” (see Table 4f-1) to simplify the description of how water movesin
soils. USDA describesthis movement in the moretechnically correct terms of soil-
water potential, measured in units of bars and atmospheres (USDA-NRCS,
1997a). Soil-water potential isthe sum of matric, solute, gravitational, and pres-
sure potential, detailed discussions of which are beyond the scope of this docu-
ment. In simpleterms, however, water in the soil movestoward decreasing
potential energy, or commonly from higher water content to lower water content
(USDA-NRCS, 19974).

Storage and availability of soil water

The amount of water that soil can hold, its water holding capacity, isakey factor
inirrigation planning and management since the soil providesthereservoir of
water that the plant draws upon for growth. Water is stored in the soil asafilm
around each soil particle, and in the pore spaces between soil particles (Risinger
and Carver, 1987). The magnified areain Figure 4f-2 illustrates how soil water
and air are held in the pore spaces of soils.

All soil water isnot equally availablefor extraction and use by plants. The ability
of plantsto take water from the soil depends upon anumber of factors, including
soil texture, soil structure, and thelayering of soils (Duke, 1987). Textureis
classified based upon the proportion of sand, silt, and clay particlesin the soil
(Figure 4f-3). Structure refersto how the soil particlesare arranged in groups or
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Figure 4f-3. Soil textural triangle for determining textural class (Duke, 1987).

1007

%
F i~
ow )
£, 80 ‘?
v A
2 40 SILTY
CLAY

30 LOAM

LOAM

20
SANDY LOAM

SILT LOAM 90
<o
4‘0
SILT

100%
SILT

aggregates, whilelayering refersto thevertical distribution of soilsin the soil
profile (e.g., clay soilsunderlying asandy loam layer). Thetype and extent of
layering can influencethe percolation and lateral distribution of applied water.

Sail texture and structure affect the size, shape, and quantity of poresin the soil,
and therefore the space availableto hold air or water. For example, the available
water capacity of coarse sand ranges from 0.1 to 0.4 inches of water per foot of
soil depth (in/ft), whilesilt holds 1.9-2.2 in/ft, and clay holds 1.7-1.9 in/ft
(USDA-NRCS, 19974). The structure of some vol canic ash soilsalowsthem to
carry very high water content at field capacity levels, but pumice and cinder
fragments may contain some trapped water that isnot availableto plants (USDA-
NRCS, 1997a). In fine-textured soils and soil s affected by salinity, sodicity, or
other chemicals, aconsiderable volume of soil water may not be availablefor plant
use dueto greater soil water tension (USDA-NRCS, 1997a).

Field capacity isthe amount of water asoil holds after “free” water has drained
because of gravity (USDA-NRCS, 1997a). “ Free” water, whichisconceptually
similar to“ gravitational” water, can drain from coarse-textured (e.g., sandy) soils
in afew hoursfrom thetime of rainfall or irrigation, from medium-textured (e.g.,
loamy) soilsin about 24 hours, and from fine-textured (e.g., clay) soilsin severa
days. Soil propertiesthat affect field capacity aretexture, structure, bulk density,
and stratawithin the soil profilethat restrict water movement. Available water
capacity isthe difference between the amount of water held at field capacity and
the amount held at the permanent wilting point (Burt, 1995).
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Uptake of soil water by plants

Water stored in soil pore spacesisthe easiest for the plant to extract, while water
stored inthe film around soil particlesis much more difficult for the plant to
withdraw (Risinger and Carver, 1987). Asevapotranspiration drawswater from
the sail, the remaining water isheld more closely and tightly by the soil. Soil
moisture tension increases as soilsbecome drier, making it more difficult for the
plant to extract the soil water. Figure 4f-4 isasoil moisture release curve that
shows how greater energy (tension measured in bars, or potential measuredin
negative (-) bars) is needed to extract water from the soil as soil-water content
decreases (USDA-NRCS, 1997a). Thisfigurea soillustratesthe greater soil-water
tension (or lesser soil-water potential) in claysversusloam and sand for any given
soil-water content. Because clay holdswater at greater tension than medium-
textured soils (e.g., loam) at similar water contents, it hasless available water
capacity despiteitsgreater water holding capacity (USDA-NRCS, 1997a).

Wilting occurs when the plant cannot overcome the forces holding the water to the
soil particles(i.e., the soil-water tension). Irrigation is needed at thispoint to save
the plant. The permanent wilting point (represented as-15 barsin Figure 4f-4) is
the soil-water content at which most plants cannot obtain sufficient water to
prevent permanent tissue damage (USDA-NRCS, 1997a). Based uponyield and

Figure 4f-4. Typical water release curves for sand, loam, and clay (USDA-NRCS,

1997a).
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product quality objectives, growers decide how much water to allow plantsto
removefrom the soil beforeirrigation. Thisamount, the Management Allowable
Depletion (MAD), isexpressed as apercentage of the avail able water-holding
capacity and variesfor different cropsand irrigation methods. Asageneral rule of
thumb, MAD is50%. Smaller MAD values, which result in more frequent irriga-
tions, may be desirable where micro-irrigationis practiced, when salinewater is
used, for shallow root zones, and in cases where the water supply isuncertain
(Burt, 1995). Large MAD values might be desirable when hand-move and hose-
pull sprinklers are used, where furrows are long and soils are sandy, or for crops
such as some varieties of cotton that need to be stressed on heavy soil to develop
asufficient number of cotton bolls (Burt, 1995).

Irrigation Methods and System Designs

Irrigation systems consist of two basic elements: (1) the transport of water fromiits
source to the field, and (2) the distribution of transported water to the cropsin the
field. A number of soil propertiesand qualities areimportant to the design, opera-
tion, and management of irrigation systems, including water holding capacity, soil
intake characteristics, permeability, soil condition, organic matter, slope, water
table depth, soil erodibility, chemical properties, salinity, sodicity, and pH (USDA-
NRCS, 1997a). Some soils cannat beirrigated dueto various physical problems,
such aslow infiltration rates and poor internal drainage which may cause salt
buildup. The chemical characteristics of the soil and the quantity and quality of the
irrigation water will determinewhether irrigation isasuitable management practice
that can be sustained without degrading the soil or water resources (Franzen et al.,
1996; Scherer et al., 1996; and Seelig and Richardson, 1991).

Water supply and demand

Producers need to factor the availability of good quality water (in terms of
amount, timing, and rate) into their irrigation management decisions. Both surface
water and ground water can be used to supply irrigation water. An assessment of
thetotal amount of water available during anirrigation seasonisessential to
determining the types and amounts of irrigated crops that can be grown on the
farm.

Thequality of somewater isnot suitablefor irrigating crops. I rrigation water must
be compatible with both the crops and soilsto whichit will be applied (Scherer
and Weigel, 1993; Seelig and Richardson, 1991). The quality of water for irriga-
tion purposesisgenerally determined by itssalt content, bicarbonate concentra-
tion, and the presence of potentially toxic elements. I rrigation water can also
contain appreciable amounts of nutrientsthat should be factored into the overall
nutrient management plan.

Efficient irrigation scheduling depends upon knowledge of when water will be
availableto the producer. In some areas, particularly west of the Mississippi River,
irrigation districts or some other outside entities may manage the distribution of
water to farms, while farmersin other areas have direct access to and control over
their water supplies. Anirrigation district isdefined asblocks of irrigated land
within adefined boundary, developed or administered by agroup or agency
(USDA-NRCS, 1997a). Water isdelivered from asourcetoindividual turnoutsvia
asystem of canals, laterals, or pipelines. Figure 4f-5 depictsthe Ainsworth Unitin
northern Nebraskawithin which water from the Merritt Reservoir isdistributed to
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theAinsworth Irrigation District viathe 53-milelong, concrete-lined Ainsworth
Canal (Hermsmeyer, 1991). A system of |aterals and drains serves approximately
35,000 acresof cropland intheirrigation district. Irrigation districtsthat deliver
water to farmson arotational basis control when thefarmer canirrigate, leaving
the farmer to choose only the rate and methods of irrigation. In caseswhere
farmersare ableto control the availability of irrigation water it is possible, how-
ever, to devel op apredetermined irrigation schedul e.

Figure 4f-5. Ainsworth Unit in northern Nebraska.
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The amount of water that is needed for adequate irrigation depends upon climate
and crop growth stage. Different crops require different amounts of water, and the
water demand for any particular crop varies throughout the growing season.
Producers need to factor the peak-use rates, the amount of water used by a crop
duringitsperiod of greatest water demand (usually during period of peak growth),
into bath theinitial design of anirrigation system and annual irrigation planning.

Irrigation methods

There arefour basic methods of applyingirrigation water: (1) surface (or flood),
(2) sprinkler, (3) trickle, and (4) subsurface. Types of surfaceirrigation are
furrow, basin, border, contour levee or contour ditch. Factorsthat aretypically
considered in selecting the appropriateirrigation method includeland slope, water
intake rate of the soil (i.e., how fast the soil can absorb applied water), water
tolerance of the crops, and wind. For example, sprinkler, surface, or trickle
methods may be used on soils (e.g., fine soils) with low water intake rates, but
surfaceirrigation may not be appropriatefor soils(e.g., coarse soils) with high
water intake rates. Key factorsthat determine water intake rates are soil texture,
surface sealing due to compaction and sodium content of the soil and/or irrigation
water, and electrical conductivity of theirrigation water.

Waeter availableto thefarm from either on-site or off-site sources can be trans-
ported tofieldsviagravity (e.g. canalsand ditches) or under pressure (pipeline).
Pressurefor sprinkler systemsisusually provided by pumping, but gravity can be
used to create pressure where sufficient elevation drops are available.
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Figure 4f-6. Water infiltration characteristics for sprinkler, border, and furrow irrigation systems
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Gravity-based, or surfaceirrigation systems, rely on the ponding of water on the
surfacefor delivery through the soil profile (Figure 4f-6), whereas pressure-based
sprinkler systemsare generally operated to avoid ponding for all but very short
time periods (USDA-NRCS, 1997a).

Irrigation systems

There are severa irrigation systemoptionsfor each irrigation method sel ected for
thefarm. The optionsfor irrigation by gravity includelevel basinsor borders,
contour levees, level furrows, graded borders, graded furrows, and contour ditches
(Figure 4f-7) (USDA-NRCS, 19974). Pressure-based irrigation systemsinclude
periodic move, fixed or solid-set, continuous (self) move, traveling gun, and
traveling boom sprinkler systems, aswell asmicro-irrigation and subirrigation
systems. Operational modificationsto center pivot and linear move systems,
including Low Energy Precision Application (LEPA) and Low Pressure In Canopy
(LPIC), increasethe range of pressure-based optionsto select from (USDA-
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Figure 4f-7. Irrigation system options for irrigation by gravity (Turner, 1980).
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NRCS, 1997a). Figure 4f-8 illustrates arange of sprinkler systems.
Micro-irrigation systems (Figure 4f-9) include point-source emitters (drip, trickle,
or bubbler emitters), surface or subsurface line-source emitters(e.g., porous
tubing), basin bubblers (Figure 4f-10), and spray or mini-sprinklers. Table 4f-2
summarizesthe basic features of each type of irrigation system (USDA-NRCS,
1997a), and Figure 4f-11 showstypical layouts of graded-furrow with tailwater
recovery and reuse, solid-set, center pivot, traveling gun, and micro-irrigation
systems (USDA-NRCS, 1997&; Turner, 1980).
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Figure 4f-8. Typical types of sprinkler irrigation systems (Turner, 1980).
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The advantages and disadvantages of the various Figure 4f-10. Basin bubbler system (USDA-NRCS,
typesof irrigation systems are described in anumber 1997a).

of existing documents and manuals (USDA-NRCS,
1997a; EduSelf MultimediaPublishersLtd., 1994).

A comprehensive set of publications, videos, interac-
tive software, and slidesoniirrigation has been
assembled by the U.S. Department of Agricultureto
trainitsemployees (USDA-NRCS, 1996a). This
irrigation “toolbox” covers soil-water-plant rel ation-
ships, irrigation systems planning and design, water

LR

r— Hasar

measurement, irrigation scheduling, soil moisture

measurement, irrigation water management planning, Auried kateral
and irrigation system eval uation. Updated material is

provided periodically asit becomesavailable. Other
sources of material may befoundin USDA-NRCS,
1997a, Sec. 652-1502.

Pollutant Transport from Irrigated Lands

Return flows, runoff, and leachate fromirrigated lands may transport thefollowing
types of pollutantsto surface or ground waters:

O Sediment and particulate organic solids;

O Particulate-bound nutrients, chemicals, and metal s, such as phosphorus,
organic nitrogen, aportion of applied pesticides, and aportion of the
metal s applied with some organic wastes;

O Solublenutrients, such as nitrogen, soluble phosphorus, aportion of the
applied pesticides, soluble metal s, salts, and many other major and minor
nutrients; and

O Bacteria, viruses, and other pathogens.

O If soilsor drainagein theirrigated area contain toxic substances that may
concentrate in the drainage or reuse system, thisfactor must be
considered in any decisions about use of the water and design of the reuse
system. Discharge of drainage water containing seleniuminto wetlandsis
an example of where thistype of problem can occur.

The movement of pollutantsfrom irrigated landsis affected by the timing and
amount of applied water and precipitation; the physical, chemical, and biological
characteristics of theirrigated land; the type and efficiency of theirrigation system
used; crop type; the degree to which erosion and sediment control, nutrient
management, and pesti cide management are empl oyed; and the management of
theirrigation system.

Transport of irrigation water from the source of supply to theirrigated field via
open canals and laterals can be a source of water lossif the canalsand laterals are
not lined. Water is also transported through the lower ends of canalsand laterals
as part of flow-through requirementsto maintain water levels. In many soils,
unlined canalsand lateralslose water viaevaporation and seepagein bottom and
sidewalls. Seepage water either movesinto the ground water through percolation
or formswet areas near the canal or lateral. Thiswater will carry with it any
soluble pollutantsin the soil, thereby creating the potential for pollution of ground
or surface water (Figure 4f-12).
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Figure 4f-11. Typical irrigation system layouts (USDA-NRCS, 1997a; Turner, 1980).
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Figure 4f-11. Typical irrigation system layouts (USDA-NRCS, 1997a; Turner, 1980). Continued
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Figure 4f-11. Typical irrigation system layouts (USDA-NRCS, 1997a; Turner, 1980). Continued
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Table 4f-2. Types of Irrigation Systems.

Irrigation System Type

Major Features of System

Gravity-Level Basins

Large flow rates over short periods to flood entire field or basin. Level fields surrounded
by low dike or levee. Best for soils with low to medium water intake rate.

Gravity-Contour Levees

Similar to level basins except for rice. Small dikes or levees constructed on contour. Fo
rice, ponding is maintained. Best for soils with very low intake rate.

Gravity-Level Furrows

Large flow rates over short periods. Level fields. End of furrow or field is blocked to
contain water. Best for soils with moderate to low water intake rate and moderate to
high available water capacity.

Gravity-Graded Borders

Controlled surface flooding. Field divided into strips bordered by parallel dikes or borde
ridges. Water introduced at upper end.

Gravity-Graded Furrows

Like graded borders, but only furrows are covered with water. Water distribution via
vertical and lateral infiltration. Water application amount is a function of intake rate of
soil, spacing of furrows, and length of field. Heavy soils (small pores sizes) provide
slower infiltration and greater lateral movement.

Gravity-Contour Ditches

Controlled surface flooding. Water discharged with siphon tubes, over ditch banks, or
from gated pipes located upgradient and positioned across the slope on contour. Sheet
flow is goal.

Pressure-Periodic Move
Sprinkler

Sprinkler is operated in a fixed location for a specified period of time, then moved to the|
next location. Many design options including hand-moved laterals, side-roll laterals,
end-tow laterals, hose-fed (pull) laterals, guns, booms, and perforated pipe.

Pressure- Fixed or
Solid-Set Sprinkler

Laterals are not moved, but one or more sections of sprinklers are cycled on and off to
provide coverage of entire field over time.

Pressure-Continous Move
Sprinkler

Center pivot (irrigates in circular patterns, or rectangular with end guns or swing lines)
or linear (straight lateral irrigates in rectangular patterns) move continuously to irrigated
field. Multiple sprinklers located along the laterals.

Pressure-Traveling Gun
Sprinkler

High-capacity, single-nozzle sprinkler fed by flexible hose. Hose is dragged or on a
reel. Gun is guided by cable, and moved from field to field. Best for soils with high wate
intake rates.

Pressure-Traveling Boom
Sprinkler

Similar to traveling gun, except a boom with several nozzles is used.

Micro/Pressure-Point
Source Emitters

Frequent, low-volume, low-pressure applications through small tubes and drop, trickle,
or bubbler emitters. Water must be filtered. Used for orchards, vineyards, ornamental
landscaping. Emitters discharge from 0.5 to 30 gallons per hour.

Micro/Pressure-Line
Source Emitters

Frequent, low-volume, low-pressure applications through surface or buried tubing that
is porous or has uniformly spaced emitter points. For permanent crops, but also
vegetables, cotton, melons.

Micro/Pressure-Basin
Bubblers

Water applied via risers into small basins adjacent to plant. Bubblers discharge less
than 60 gallons per hour. Water filtration not required. Orchards and vineyards. Best for
medium to fine textured soils.

Micro/Pressure-Spray or
Mini-Sprinklers

Water applied as spray droplets from small, low-pressure heads. Wets a greater area
(2 to 7 feet in diameter) than drop emitters. Discharges less than 30 gallons per hour.

Subirrigation

Manage water table by providing subsurface drainage, providing controlled drainage,
and irrigating via buried laterals.
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Figure 4f-12. Fate of water and pollutants in an irrigated hydrologic system.
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Sinceirrigation isaconsumptive use of water, any pollutantsin the source waters
that are not consumed by the crop (e.g., salts, pesticides, nutrients) can be con-
centrated in the soil, concentrated in the leachate or seepage, or concentrated in
the runoff or return flow from the system. Saltsthat concentrate in the soil profile
must be managed in order to sustain crop production. In such cases, acarefully
cal culated additional amount of water may be applied to |each the salts below the
root zone. The application of this*leaching requirement” should betimed to
prevent the leaching of other potential pollutantswhen possible (e.g., after the
growing season when nutrients are low, or after acover crop that has used excess
nutrients).

Irrigation Scheduling

Both long-term and short-termirrigation decisions must be made by the producer.

L ong-term decisions, which are associated with system design and the all ocation of
limited seasonal water suppliesamong crops, rely on average water use determined
from historical data(Duke, 1987) and average water availability. Particularly inarid
areas, long-termirrigation decisions are needed to determine seasonal water
requirements of different possible crops, determinewhich cropsto grow based
upon crop adaptability and water availability, and in some casesto determinewhen
and how much to stress the various crops to maximize economic return. Short-
term decisions determine when and how much to irrigate, and are based upon
daily water use. In areaswhererainfall iseither insignificant or falls predictably
during the growing season, long-term decisions can be used to construct an
irrigation schedul e at the beginning of the growing season (Duke, 1987), although
better water management is obtained by constant updating of information. In semi-
arid and humid areaswhere weather varies significantly on adaily basis, short-
termirrigation decisionsare used in lieu of pre-determined irrigation schedul es.
The emphasisof thisguidanceis placed on short-termirrigation decisions.

Irrigation scheduling isthe use of water management strategiesto prevent over-
application of water while minimizing yield lossfrom water shortage or drought
stress(Evanset al., 1991c¢). Irrigation scheduling will ensurethat water isapplied
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to the crop when needed and in the amount needed (USDA-NRCS, 1997a).
Effective scheduling requires knowledge of thefollowing factors (Evanset a.,
1991b; Evanset al., 1991c¢):

O Soail properties

Soil variability withinthefield

Soil-water relationshipsand status

Type of crop and its sensitivity to drought stress

The stage of crop development and associated water use

The status of crop stress

The potential yield reduction if the crop remainsin astressed condition

aagaaaaaq

Availability of awater supply

a

Climatic factorssuch asrainfall and temperature

Much of the above information can be found in Natural Resources Conservation
Service soil surveysand Extension literature. However, al information should be
site-specific and verifiedinthefield.

In environmentswhere saltstend to concentratein the soil profile, additional
information is needed to sustain crop production, including:

O Sdlttolerance of thecrop

O Sdinity of the sail

O Sdinity of theirrigation water
O Leaching requirement of the soil

Decidingwhentoirrigate
There arethree waysto determinewhenirrigationis needed (Evanset a ., 1991c):

O Measuring soil water
O Estimating soil water using an accounting approach
O Measuring crop stress

Soil water can be measured directly by sampling the soil and determining the water
content through gravimetric analysis. The distribution of plant rootsand their
pattern of development during the growing season are very important consider-
ationsin deciding where and at what depth to take soil samplesto determine soil
water content (USDA-NRCS, 1997a). For example, all plants have very shallow
rootsearly in their development, and the concentration of moisture-absorbing
roots of most plantsisusually greatest in the upper quarter of the root zone.
Further, sincerootswill not grow into adry soil, it may be important to measure
soil moisture beyond the current root zone to determineirrigation needs associated
with full root development. Figure 4f-13illustratesthetypical water extraction
pattern in auniform soil, again pointing out the need to rel ate soil sampling deci-
sionsto crop development.

Soil moisture can also be determined indirectly using arange of devices (Evanset
al., 1991a; Werner, 1992), including tensiometers (Figure 4f-14), electrical resistance
blocks (Figure 4f-14), neutron probes, heat dissi pation sensors, time domain reflec-
tometers, and carbide soil moisturetesters (USDA-NRCS, 1997a). Table 4f-3

Research in irrigation
scheduling indicates
the need for specific
site-dependent data
for plan development.
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Figure 4f-13. Typical water extraction pattern in uniform soil profile (USDA-NRCS,

1997a).
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Figure 4f-14. Soil moisture measurement devices: (a) tensiometer and (b) electrical resistance block.
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Table 4f-3. Devices and methods to measure soil moisture.

Device (Other Names)

How It Works

Comments

Tensiometer

Measures soil suction which is
related to soil water content.

Available in lengths from 6 to 72 inches.
Requires careful installation and field
maintenance. Most applicable when soil
moisture is between 50-75 percent of field
capacity, and on medium to fine-textured soils
with frequent irrigation.

Electrical Resistance Block
(Gypsum or Moisture or
Porous Block)

Measures electrical resistance which
is related to soil water content via a
calibration curve.

Inexpensive. Simple to use. Gives accurate
readings over wider moisture range than
tensiometers, but limited to medium to coarse-
textured soils. Most accurate when soil
moisture is below field capacity. Sodic soils
problematic. Gypsum blocks need replacement
each growing season; nylon, plastic, fiberglass
more durable.

Neutron Probe (Neutron
Scattering)

Measures thermalized neutrons (fast
neutrons that are slowed by collisions
with hydrogen molecules in water)
which are related to volumetric soil
water content by a calibration curve.

Can be most accurate and precise method.
Requires calibration using gravimetric
procedures, especially if used for top 6 inches
of soil profile, in clay soils, soils with high
organic matter content, and soils with boron
ions. Requires licensed operator since
radioactive. Expensive.

Thermal Dissipation Block
(Heat Dissipation Sensor)

Estimates soil water based upon the
relationship between heat
conductance and soil water content.

Requires calibration. Work across wide range
of soil-water content.

Time Domain Reflectometer
(TDR) & Frequency Domain
Reflectometer (FDR)

(Dialectric Constant Method)

Senses the dielectric property of soil
which is related to water content.

Requires careful installation. TDR works across
wide range of soil texture, bulk density, and
salinity. FDR results may be skewed as salinity
increases.

Carbide Soil Moisture Tester
(Speedy Moisture Tester)

Measures gas pressure from reaction
of calcium carbide with water in soil
sample.

Provides percent water content of soil. Works in
field. Practice necessary for reliable results.

Feel and Appearance
Method

Soil samples are compared to tables
or pictures that give moisture
characteristics of different soil
textures.

Experienced individuals can estimate soil
moisture within 10 percent of true value, but
tables and pictures use ranges of 25 percent.

Gravimetric Method (Oven
Dry)

Soil samples from field are weighed,
dried, and weighed again in the lab.

Accurate measure of water content. Requires
sensitive scales, drying method, and known or
estimated bulk density value to calculate %
volume of water.

provides an overview of these devices. The appropriate devicefor any given
situationisafunction of the acreage of irrigated land, soils, cost, availabletrained
labor, and other site-specific factors.

Direct measurement of soil water status or crop statusis always more accurate than
estimating its magnitude, but because of the cost associ ated with obtaining represen-
tative samplesin some situations, it may be more appropriate to use estimation
techniques (Duke, 1987). Accounting approaches estimate the quantity of plant-
availablewater remaining in the effectiveroot zone. A variety of methods can be
used to estimate and predict the root zone water balance, including asimple check-

National Management Measures to Control Nonpoint Source Pollution from Agriculture

1-177



Chapter 4: Management Meausres

book method (USDA-NRCS, 1997a), computer-assisted methods (Hill, 1997 and
Allen, 1991), graphical methods (Figure 4f-15), and tabular methods. In essence,
these methods begin with an estimate of initial soil-water depletion and use measure-
mentsor estimates of daily water inputs (rain, irrigation) and outputs (evapotrans-
piration) to determine the current soil-water depletion volume (Equation 4f-1).

Net irrigation depth isthe depth of water applied multiplied by theirrigation
efficiency, which rangesfrom 75-100% for drip systemsto 20-60% for furrow
irrigation on sandy soils (Duke, 1987). Effective precipitation isthe amount of
preci pitation minuslosses dueto runoff or unnecessary deep percolation. At some
pre-determined moisture deficit (e.g., the MAD value), irrigation must be started
(Figure 4f-15). The water balance must be updated at |east weekly, including field
checkson estimated parameters, to be useful for schedulingirrigations (Duke,
1987).

Potential sources of datafor Equation 4f-1 include field measurementsto deter-
minetheinitial soil-water content, field measurementsto determine effective
rooting depth asthe plant matures, ET measurements or estimates based upon
datafrom westher stations, irrigation depth measurements, measured precipitation,

Figure 4f-15. Graphical format for irrigation scheduling (Duke, 1987).
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Equation 4f-1. Soil-water depletion volume (Duke, 1987).

D=D,+ET-IR-R-WT
where D = soil-water depletion at end of day (D=0 at field capacity)

D, = soil-water depletion for previous day

ET = ET for the day

IR = netirrigation depth (depth of applied water which is stored in soil root zone)
for the day

R = effective precipitation during the day

WT = upward movement of water during the day from water table close to bottom
of root zone

If the water table is not near the root zone, the last term (WT) may be dropped.
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and estimates of water table contributions. Clearly, good estimates or measure-
mentsof ET are essential to successful accounting approaches since crop water
use can vary considerably with crop type, stage of growth, temperature, sunshine,
wind speed, relative humidity, and soil moisture content (Figure 4f-16). Direct
measurement of ET with lysimeters may not be practical for most farms, but
evaporation pans and atmometers can be used effectively. Thereisaso, however,
awiderange of computational techniquesfor estimating ET from weather data
(Doorenbos and Pruitt, 1975; Jensen et al., 1990; USDA-SCS, 1993). Crop ET
dataare often avail ablein newspapers, through tel ephone dial-up service, or on
television, and some farms have on-site weather stationsthat provide the neces-
sary ET data (USDA-NRCS, 19974). There is also agrowing number of computer
programsthat aid theirrigation decisionmaker, including the NRCS Schedul er
(Figure 4f-17) and others (Smith, 1992; Allen, 1991; and Hill, 1991).

Figure 4f-16. Crop water use for corn, wheat, soybean, and potato based
on average climatic conditions for North Dakota (Lundstrom

and Stegman, 1991).
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Figure 4f-17. NRCS (SCS) Scheduler - seasonal crop ET (USDA-NRCS, 1997a).
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Measuring crop stressisanother way to determinewhenirrigation is needed.
Unavailability of water during crop stress periods could result in crop failure or
reduced yieldsthat |eave unused nutrients vulnerabl e to runoff and deep percola-
tion. Devices and methods used to measure crop stressinclude the crop water
stress gun, leaf moisture stress as measured in a pressure chamber, and infrared
photography (USDA-NRCS, 1997a). However, infrared photography istypically
not an option for “real time” water management due to slow turnaround times.
The crop water stress gun cal cul ates plant water stress and expressesit as an index
value based on measurements of plant canopy temperature, ambient air tempera-
ture, relative humidity, and arange of solar radiation. Using acrop water stress
index, irrigation can be scheduled depending on the severity of moisture stress.
Threshold values must be developed for each crop.

Deciding how much water to apply

Oncethe decision to irrigate has been made, the amount of water to apply must be
determined. A decision rule should be established to determine how much water to
apply, with the basic choicesbeing full irrigation to replenish the root zoneto field
capacity or partid irrigation. Partia irrigation, whichismoreeasily achieved via
sprinkler systems, may be preferred if thereisopportunity for rainfall to provide
some of the water needed to reach field capacity.

Factorsin determining the amount of irrigation water to apply include the soil-
water depletion volumein the effective root zone and local weather forecastsfor
rain. The application rate should not exceed the water intake rate of the soil when
using sprinkler systems, and the application depth should not exceed the soil-water
depletion volume, except as necessary for leaching of salts (Duke, 1987). Local
weather forecastsfor rain should be considered beforeirrigating to avoid over-
application.

Therelationship between irrigation system capacity, irrigated area, and time of
irrigation may be expressed as

Q=453 Ad
T

where Q issystem discharge capacity (gpm), Aisirrigated area(acres), disgross
application depth (in), fistime allowed for completion of oneirrigation (days), and
Tisactual operating time (hr/day) (USDA, 1983). Normally A, T, and d are fixed
inadesign process. Thetime allowed for completion of oneirrigation should be
set toinsurethat the areainitially irrigated does not become stressed before the
next irrigation is applied. Note that a system design that just meetsthe peak crop
water demand may be determined asillustrated in Table 4f-4. Partial irrigations
may facilitate covering alarger areato prevent immediate crop damage, but they
increase the frequency of irrigation necessary, and could impede root growth or
harm acrop that will be stressed if the soil is not adequately saturated.

Deep percolation of irrigation water can be greatly reduced by limiting the amount
of applied water to the amount that can be stored in the plant root zone. The deep
percolation that is necessary for salt management can be accomplished with a
sprinkler system by using longer setsor very slow pivot speedsor by applying
water during the non-growing season. Salt management by surfaceirrigation
methodsis much less efficient than other irrigation methods, and water used to
leach salts should be applied when nutrients or pesticides areleast vulnerableto

1-180

National Management Measures to Control Nonpoint Source Pollution from Agriculture



Chapter 4F: Irrigation Water Management

Table 4f-4. System capacity needed in gal/min-acre for different soil textures and crops to

supply sufficient water in 9 out of 10 years (Scherer, 1994).

Root Coarse Loam
Zone Sand Fine and
Depth and Loamy Sandy Sandy  Silt
Crop (ft) Gravel Sand Sand Loam Loam Loam
Potatoes? 2.0° 8.2 7.5 7.0 6.4 6.1 57
Dry beans 2.0 7.9 71 6.4 6.1 5.7 54
Soybeans 2.0 7.9 71 6.4 6.1 5.7 54
Comn 3.0 7.3 6.6 5.9 55 53 4.9
Sugarbeets 3.0 7.3 6.6 5.9 55 5.3 4.9
Small grains 3.0 7.3 6.6 59 55 53 4.9
Alfalfa 4.0 6.8 59 5.6 5.1 5.0 4.5
@ Adjusted for 40% depletion of available water.
®An application efficiency of 80% and a 50% depletion of available soil water were used for calculations.

leaching, such aswhen maximum uptake or dissipation of the chemical has
occurred.

Accurate measurements of the amount of water applied are essential to maximiz-
ingirrigation efficiency. A widerange of water measurement devicesisavailable
(USDA-NRCS, 1997a). For example, the quantity of water applied can be mea-
sured by such devicesasatotalizing flow meter that isinstalled in the delivery
pipeor calibrated canal gates. If water issupplied by ditch or canal, weirsor
flumesin the ditch can be used to measure the rate of flow. Rain gauges should
also be used in thefield to determine the quantity of water added through rainfall.
Such gauges are also avaluabletool for checking uniformity of application of
sprinkler systems.

Efficient Transport and Application of Irrigation Water

There are several measures of irrigation efficiency, including conveyance effi-
ciency (Table4f-5), irrigation efficiency, application efficiency, project application
efficiency, potential or design application efficiency, uniformity of application,
distribution uniformity, and Christiansen’suniformity (USDA-NRCS, 1997a).
Project water conveyance and control facility losses can be as high as 50% or
moreinlong, unlined, open channelsin alluvial soils (USDA-NRCS, 19974).
Seepage | osses associated with canalsand lateral s can be reduced by lining them,
or can be eliminated by conversion from open canals and lateral sto pipelines.
Flow-through losses or spill, however, will not be changed by lining canalsand
laterals, but can be eliminated or greatly reduced by conversion to pipelinesor
through changesin operation and management. Flow-through water constitutes
over 30% of canal capacity in somewater districts, but simple automatic gate/
valve control devices can limit flow-through water to lessthan 5% (USDA-NRCS,
1997a). Conversion to pipelines may in some cases cause impactsto wildlife due
toloss of beneficial wet areas, and an environmental assessment or environmental
impact statement may be needed before the conversionis made (USDA-NRCS,
1997a).
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Table 4f-5. Measures of irrigation efficiency.

Measure of Irrigation Efficiency Definition

Conveyance Efficiency W
(tO farm) Delivered «100

Diverted

Irrigation Efficiency

WBeneﬁcial
(on farm) —— %100
Applied

Application Efficiency

w.
(on farm) —d %100
Applied

Project Application Efficiency

WStured *1 00
(to and on farm) W

Diverted

Where
W gelivered = Water delivered

Wiverteq = Total water diverted or pumped into an open channel or pipeline at upstream end

Whyeneficial = Avg. depth of water beneficially used
Woapplied = Avg. depth of applied water

Witored = Avg. depth of water infiltrated and stored in the plant root zone

Water application efficiency can vary considerably by method of application.
Increased application efficiency reduces erosion, deep percolation, and return
flows. In general, trickle and sprinkler application methods are more efficient than
surface and subsurface methods. Two major hydraulic distinctions between
surfaceirrigation methods and sprinkler and micro irrigation arekey tothis
differencein efficiencies (Burt, 1995):

1. Thesoil surface conveysthe water along border stripsor furrowsin
surfaceirrigation, whereasthe water infiltratesinto the soil very near to
the point of delivery from sprinkler and microirrigation systems.

2. Water application rate exceeds soil water infiltration ratein surface
irrigation, and the soil controlsthe amount of water that will infiltrate. In
properly designed and managed sprinkler and micro irrigation systems, the
application rateisequal to the soil water infiltration rate.

Thetype of irrigation system used will dictate which practices can be employed to
improvewater use efficiency and to obtain the most benefit from scheduling.
Flood systemswill generaly infiltrate more water at the upper end of thefield than
at the lower end because water is applied to the upper end of the field first and
remains on that portion of thefield longer. Thiswill cause the upper end of the
field to have greater deep percolation losses than thelower end. Thissituation can
sometimes beimproved by changing slope throughout the length of thefield or
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shortening the length of run. For example, furrow length can be reduced by cutting
thefieldin half and applying water in the middle of thefield. Thiswill require
more pipe or ditchesto distribute the water across the middle of the field. Other
methods used to improve application efficiency in surface systemsare surgeand
cut-back irrigation. In surgeirrigation, flow is pulsed into the furrow allowing for
wet and dry cycles, whilein cut-back irrigation, the furrow inflow rateisreduced
after aperiod of time. Both of these methodsimproveirrigation efficiency by
allowing for amore uniform time of infiltration. A wide range of optionsexist for
manipulating field lengths, slopes, flow rate, irrigation time, and other management
variablestoincrease surfaceirrigation efficiency (Burt, 1995; USDA-NRCS,
1997a).

A properly designed, operated, and maintained sprinkler irrigation system should
have auniform distribution pattern. The volume of water applied can be changed
by altering thetotal timethe sprinkler runs; by altering the pressure at which the
sprinkler operates; or, in the case of acenter pivot, by adjusting the speed of travel
of the system. There should be noirrigation runoff or tailwater from most well-
designed and well-operated sprinkler systems (USDA-NRCS, 1997a). Operating
outside of design pressures and using worn equipment can greatly affect irrigation
uniformity.

Use of Runoff or Tailwater

Surfaceirrigation systemsare usually designed to have a percentage (up to 30%)
of the applied water |lost astailwater. The volume and peak runoff rate of tailwater
will depend upon both theirrigation method and its management. Tailwater
recovery and reusefacilities collect irrigation runoff and return it to the same,
adjacent, or lower fieldsfor irrigation use (USDA-NRCS, 19974). If thewater is
pumped to afield at higher elevation, thefacility isareturn-flow or pumpback
facility. Sequence-usefacilities deliver the water to adjacent or lower-elevation
fields. Thosefacilitiesthat store runoff and precipitation for later use are reservoir
systems, while cycling-sump facilities have limited storage and pump the water
automatically toirrigatefields.

The components of atailwater reuse or pumpback facility include tailwater
collection ditchesto collect the runoff; drainageways, waterways, or pipelinesto
convey thewater to acentral collection area; asump (cycling-sump facilities) or
reservoir (reservoir systems); apump and power unit for pumpback facilities; and
pipelinesor ditchesto deliver therecovered water (USDA-NRCS, 1997a). A
typical pumpback facility planisillustrated in Figure 4f-18. For new facilities,
runoff flows must be measured or estimated to properly sizetailwater reuse
sumps, reservoirs, and pumping facilities. Capacity should be provided to handle
concurrent peak runoff eventsfrom both precipitation and tailwater, unexpected
interruption of power, and other uncertainties.

Tailwater management is needed to reduce the discharge of pollutants such as
suspended sediment and farm chemicals which can be found in the runoff. In
reservoir systems, tailwater istypically stored until it can be either pumped back to
the head of thefield and reused or delivered to additional irrigated land. The
quality of tailwater, including nutrient concentrations, should be considered in
reuse systems. Water quality testing may be necessary. In somelocations, there
may be downstream water rights that are dependent upon tailwater, or tailwater
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Figure 4f-18. Typical tailwater collection and reuse facility for quick-cycling pump
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may be used to maintain flow in streams. These requirements may take legal
precedence over the reuse of tailwater.

If atailwater recovery systemisused, it should be designed to allow storm runoff
to flow through the system without damage. Where reservoir systems are used,
storm runoff containing alarge sediment volume should bypass or be trapped
before entering the storage reservoir to prevent rapid loss of storage capacity
(USDA-NRCS, 19974). Additional surface drainage structures such asfilter strips,
field drainage ditches, subsurface drains, and water table control may also be used
to control runoff and leachateif site conditionswarrant their use.

Management of Drainage Water

Drainage of agricultural landsisintended to control and manage soil moisturein
the crop root zone, provide for improved soil conditions, and improve plant root
development (USDA-NRCS, 19974). In cases where the water tableimpinges
upon theroot zone, water table control isan essential element of irrigation water
management. However, installation of subsurface drainage should only be consid-
ered when good irrigation water management, good nutrient management, and
good pesticide management are being conducted. Further, impactsto wetlands,
wildlife habitat, and water quality must be thoroughly investigated, and relevant
federal, state, and local lawsfully considered prior to installation of drainage
practices.

Drainageincreaseswater infiltration, which reduces soil erosion and also allows
application of excesswater to keep saltsleached bel ow theroot zone. Drainage
also provides more avail able soil moisture and plant food by increasing the depth
of theroot zone. Subsurface drainage may concentrate soluble nutrientsinirriga-
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tion return flows. Properly installed subsurface drainage systems can be used
successfully asasupplemental source of irrigation water if thewater isof good
quality (USDA-NRCS, 1997a).

Irrigation Water Management Practices and Their
Effectiveness

The practicesthat can be used to implement this management measure on agiven
site are commonly used and are recommended by NRCS for general use on
irrigated lands. Many of the practicesthat can be used to implement this measure
(e.g., water-measuring devices, tailwater recovery systems, and backflow
preventers) may already be required by State or local rules or may otherwise bein
useonirrigated fields.

The NRCS practice number and definition are provided for each management
practice, where avail able. Additional information about the purpose and function of
individual practicesispresented in Appendix A. Another useful referenceis
“Irrigation Management Practicesto Protect Ground Water and Surface Water
Quality—State of Washington” (WSU Cooperative Extension, 1995).

Irrigation Scheduling Practices

Proper irrigation scheduling isakey element inirrigation water management.
Irrigation scheduling should be based on knowing the daily water use of the crop,

the water-holding capacity of the soil, and the lower limit of soil moisturefor each Daily accounting for
crop and soil, and measuring the amount of water applied to thefield. Also, natural the cropland field
preci pitation should be considered and adjustments madein the scheduled water budget helps
irrigations. determine irrigation
scheduling.

Whether theirrigation sourceissurface or ground water, water availability during the
growing season should be adequate to support the most water sensitive cropinthe
rotation. The design capacity of theirrigation system depends onregional climate,
irrigation efficiency, crop, and soil (USDA-SCS, 1993; USDA-SCS, 1970). See
Table 4f-4 for typical required system capacitiesfor various cropsand soils.

A practicethat may be used to accomplish proper irrigation schedulingis:

O Irrigation Water Management (449): Determining and controlling the
rate, amount, and timing of irrigation water in aplanned and efficient
manner.

Toolsto assist in achieving proper irrigation scheduling include:

O Water-M easuring Device: Anirrigation water meter, flume, weir, or other
water-measuring deviceinstalled in apipeline or ditch.

O Soil and Crop Water Use Data: From soilsinformation the available
water-holding capacity of the soil can be determined along with the
amount of water that the plant can extract from the soil before additional
irrigationisneeded (MAD). Water useinformation for various crops can
be obtained from various United States Department of Agriculture
(USDA) publications. Crop water use for some selected irrigated cropsis
shownin Figure 4f-16.
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Drainage Systems. An Overview

Drainageisasold as agriculture and dates back to the Roman Empire and probably earlier. Modern drainage
practices began in the 1800s. The purpose of drainageisto provide aroot environment suitable for plant
growth, thereby increasing production and yield of crops. Artificial drainageisessential on poorly drained
agricultural fieldsto provide optimum air and salt environmentsin the root zone (Ritzema, 1996). Artificial
drainage provides for more management control in areas where the water table isin or near the root zone
(USDA-NRCS, 1997a). By controlling soil moisture, drainage can also providefor easier farm operations
and lessen compaction by animal and equipment traffic (L uthin, 1973).

In 1985, about 107 million acres of land had been drained in the U.S., of which 72 percent was crop land
(Zucker and Brown, 1998). Illinais, lowa, Indiana, and Ohio are the states with the highest total acreage of
drained crop land. Together, these states account for 28.6 million acres of drained crop land. In Ohio and
Indianaapproximately 50 percent of all crop land isdrained. In Illinoisand lowarespectively about 35 and
25 percent of all crop land isdrained (USDA, 1987).

Arid Lands

In arid lands, drainage may be required to prevent salts from accumulating in the root zone, and to prevent a
water table from building up. Drainage has al so been used to bring saline soilsinto production by leaching
saltsthrough the soil profile. In many arid regions, it is not uncommon to apply water viairrigationin
excess of crop water requirementsto keep salts from building up in the soil profile. The amount of water
applied in excessof crop water needsiscalled a“leaching requirement.”

Humid Lands

Drainagein humid landsisrequired for reasonsdifferent from thosein arid lands. High water tablesare
caused by water that builds up over impermeable soil layers due either to clay or compaction. Land may
al so be subjected to periodic inundation due to topography. Drainage systems areinstalled to allow for
cultural operations (seedbed preparation, planting, harvesting, tillage) and to prevent extended periods of
saturated soil conditions (Zucker and Brown, 1998).

Drainage Systems

Subsurface drainage can be achieved through the use of either open ditches or by buried pipe.

Open Ditches

Open ditches are used for collector drainswhich receive drainage from the buried drainsin thefield or are
sometimes used asfield drains. Controlled drainageis oftentimes used with openfield drains. Typically, field
drains are 3-5 feet deep and spaced between 500 and 600 feet. In a controlled drainage system, the water
level iscontrolled by awater control structure and isused alsoto irrigate. Irrigation with thismethod is
called “sub-irrigation” or “seepageirrigation.” Thismethod ispracticed in humid regions on drought-prone
soilsin order to reduce drought stress on high value crops.

Buried drainage systems

Historically, buried pipe was made of clay, but today drain pipeis made of plastic. In some cases, mole
drainsare used. Mole drains are open channelsformed beneath the ground by pulling acylindrical bullet
shaped object through the soil. Drain depth and spacing are designed to keep the water table below the root
zone. Drain depths may range from 2.5—8 feet and drain spacing can range from 50 to over 1,000 feet.
The downstream end of the drains are connected to a collector drain. (Figure 1 depictsaburied field
drainage system.)

Outlets

There are generally two types of outletsfor adrainage system: gravity outlets and pump outlets. Asthe
nameimplies, in agravity outlet water flows by gravity into an open ditch or natural channel. If the topogra-
phy islimiting, pumped outlets may be required. With pumped outlets, asump normally collectsthedrain-
age water from thefield drains, and the pump lifts the water to agravity outlet.
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Figure 1. Subsurface field drains showing water table (Zucker and Brown, 1998)

Water quality issues of drainage systems

Theinstallation of drainage systems can result in changesto the ecosystem. These changes can be positive
or negative. When compared to agricultural land without subsurface drainage, drained agricultural land can
actually have apositive impact on some nonpoint source pollution problems (Zucker and Brown, 1998).
The NRCS hasllisted the subsurface drain as a conservation practice with purposes of reducing erosion and
improving water quality (USDA-NRCS, 1997c). However, subsurface drainage water from irrigated agricul-
tureisnormally degraded compared with the quality of the original water supply (FAO, 1997). Loss of
habitat is also anissue as more than half of the original wetlandsin the United States have been lost to
drainage practices. Approximately 80 percent of thislossisdueto agricultural production (NRC, 1992).

Some of the potential adverseimpacts of subsurface drainage systemsare:

e Increased nutrient discharge
Thetwo major nutrientsin subsurface drainage water are nitrogen and phosphorus. At elevated levels
these nutrients contribute to the eutrophication of surface waterswhich can result in depressed levels
of oxygeninreceiving waters. Theform of nitrogen most prevalent in subsurface drainageisnitrate.
Dueto strong sorption in the soil, little phosphorusis normally found in subsurface drainage water
(Johnson et al., 1965; Mackenzie and Viets, 1974; Madramootoo et al., 1992). The exception to this
may bein soilswith ahighly devel oped macropore systems (Simard et al ., 2000).

* Pesticidedischarge
Pesticides may also be of concern, although they are moretypically transported with soil particlesin
surface water drainage (Munster et a., 1995). Although typically low in export loads, pesticide
transport may beincreased by preferential flow paths resulting in concentrations exceeding drinking
water standards (Gentry et al., 2000). Kladivko et al. (1999) found that closer drain tile spacing
resulted in more pesticide transport athough the total amounts|eached were small.

» Traceelementsin effluent
Trace elements are commonly present in low levelsin nature and may be concentrated in drainage
water. Trace elementswill depend on geology and, therefore, be different in arid and humid regions.
Many of these elements can becometoxic alow levels. Mercury (Hg) and selenium (Se) are of
particular concern for aquatic life, but arsenic (As), boron (B), molybdenum (M o), and uranium (U)
areaso potentially harmful.

e Sediment
Sediment is not normally aproblem in subsurface drainage systems since the effluent is primarily
ground water. If the system ispoorly constructed, sediment can become an issue. More likely, the
sediment free water discharging from the subsurface drains might erode the banks of unlined surface
drains, thereby increasing the sediment load of the drainage water.
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. Bacteria

Contamination from bacteriais normally assessed by the presence of coliform and fecal coliform. Irrigated
crop land would not be expected to produce adverse bacteriol ogical levelsin surface or subsurface drainage
water. The presence of coliform or fecal coliform would indicate that wastewater or animal manure has
been applied. Since soil isabiological filter, itisnot normally expected that micro-organismswill move
through the soil from surface water to a subsurface drainage system (FAO, 1997). However, some research-
ers haveimplicated subsurface drainage systemsin bacteriatransport. Geohring, et al. (1998) found that
manure applied at nominal rates and followed by a precipitation event can result in bacterial contamination
of subsurface drainagein soilsexhibiting preferential flow.

. Salinity

Salinity of agricultural drainage water isaproblem in arid regions. Saltsare concentrated in the drainage
water. The major cations are sodium (Na), calcium (Ca,), and potassium (K). Major anions are chloride
(Cl), sulfate (SO,), bicarbonate (HCO,), nitrate (NO,), and carbonate (CO,). Salinity isgenerally aproblem
in agricultural reuse of water, as salinity in general can be detrimental to yield and some crops are sensitive
to specificions such as chloride, boron and sodium.

Management Practices for Drainage Water

There are several management practices which may used for effective drainage water management. A few
of them are described below. The applicability of drainage practicesto aparticul ar site should be determined
on acase-by-case basis. When planning to implement adrai nage water management program, a producer
should contact state and local authoritiesregarding any specific requirementsor limitations. The assistance
of NRCS, Cooperative Extension, or another entity familiar with the design and operation of drainage
systems should al so be sought.

Water Table Management

Water table management or controlled drainage hasthe potential to significantly reduce NO,-N. Nitrogen
reduction isaccomplished by reducing drainage outflow and by providing adenitrifying environment viaa
higher field water tablelevel. Controlled drainage has been shown to reduce the annual transport of total
nitrogen at the field edge by 9 Ibs/ac/yr or 45% on the average (Gilliam et al., 1997). Phosphorus transport
has al so been documented to be reduced by controlled drainage (Gilliam et al., 1997). Water table manage-
ment has been practiced in the humid environments of the mid-western and eastern parts of the United
Statesinrelatively flat landscapes.

Treatment of Drainage Water

Constructed wetlands may be used to treat drainage water. Wetlands are effective in removing sediment,
nitrogen and phosphorus. Other physical and chemical treatment processes may be used to treat drainage
water (e.g., flocculation, chemical precipitation, or membrane microfiltration), but these are normally only
applied where the value of the crop justifiesthe treatment costs or regulatory requirements exist.

Re-Use of Drainage Water

Drainage water reuse may be appropriate in regions where water isin short supply. The benefit of drainage
water reuseisto reduce chemical and nutrient loads to receiving waters. Water quality of re-use water may
be of concern, especially in arid regionswhere salt content of drainage water may be high. Where soils,
geologic and hydrologic conditions do not permit constructed wetlands, agricultural drainage water may be
re-used on successively salt tolerant crops. Drainage water may al so be applied to forested systems. The
reduced volume of final drainage water can be discharge to an evaporation pond. With such reuse, care
must be taken to insure that concentrations of chemicalsdo not exceed toxic levels.
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The purpose of collecting these dataisto allow the manager to estimate the
amount of availablewater remaining in theroot zone at any time, thereby indicat-
ing when the next irrigation should be schedul ed and the amount of water needed.
M ethods to measure or estimate the soil moisture should be employed, especially
for high-value crops or where the water-hol ding capacity of the soil islow.

Practices for Efficient Irrigation Water Application

Irrigation water should be applied in amanner that ensures efficient use and
distribution, minimizes runoff or deep percolation, and minimizes soil erosion.

The method of irrigation employed will vary with the type of crop grown, the
topography, and soils. There are several systemsthat, when properly designed and
operated, can be used asfollows:

O Irrigation System, Drip or Trickle(441): A planned irrigation systemin
which al necessary facilitiesareinstalled for efficiently applying water
directly to theroot zone of plants by means of applicators (orifices,
emitters, porous tubing, or perforated pipe) operated under low pressure
(Figure4f-19).

O Irrigation System, Sprinkler (442): A planned irrigation systeminwhich
all necessary facilitiesareinstalled for efficiently applying water by means
of perforated pipes or nozzles operated under pressure.

O Irrigation System, Surfaceand Subsurface (443): A planned irrigation
systeminwhich all necessary water control structures have beeninstalled
for efficient distribution of irrigation water by surface means, such as
furrows, borders, contour levees, or contour ditches, or by subsurface
means.

Figure 4f-19. Basic components of a trickle irrigation system (USDA-SCS, 1984).
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3 Irrigation Field Ditch (388): A permanent irrigation ditch constructed to
convey water from the source of supply to afield or fieldsin afarm
distribution system.

O Irrigation Land L eveling (464): Reshaping the surface of land to be
irrigated to planned grades.

Practices for Efficient Irrigation Water Transport

Irrigation water transportation systemsthat move water from the source of supply
totheirrigation system should be designed and managed in amanner that mini-
mizes evaporation, seepage, flow-through water losses from canal s and ditches,
and leakage from pipes. Delivery and timing need to be flexible enough to meet
varying plant water needsthroughout the growing season.

Transporting irrigation water from the source of supply to thefieldirrigation
system can be asignificant source of water loss and cause of degradation of both
surface water and ground water. L osses during transmission include seepage and
evaporation from canals and ditches. The primary water quality concernisthe
development of saline seeps below the canals and ditches and the discharge of
salinewaters. Another water quality concern isthe potential for erosion within
canalsand at their turnouts. Practicesthat are used to ensure proper transportation
of irrigation water from the source of supply to thefield irrigation system can be
found in the USDA-NRCS Handbook of Practices (USDA-NRCS, 1977) and
include:

3 Irrigation Water Conveyance, Ditch and Canal Lining (428);
O Irrigation Water Conveyance, Pipeline (430); and
O Sructurefor Water Control (587).

Practices for Irrigation Erosion Control

Thedesign of farmirrigation systems must provide for conveying and distributing
irrigation water without causing damaging soil erosion. All unlined ditches should
belocated on nonerosive gradients. If water must be conveyed down slopesthat
are steep enough to cause excessive flow velocities, theirrigation system design
should providefor theinstallation of such erosion-control structures asdrops,
chutes, buried pipelines, or erosion-resistant ditch linings. Conservation trestments
such asland leveling, irrigation water management, reduced tillage, and crop
rotations should be used to control irrigation-induced erosion.

Onsurfaceirrigated lands susceptibleto irrigation-induced erosion, the addition of
polyacrylamide (PAM) to surfaceirrigation water may be appropriateto minimize
or control soil erosion. However, PAM cannot make up for failureto implement
effective overall conservation practices, or replace environmentally responsible
farm management. PAM can provide erosion protection in situations where other
solutions have proven uneconomical or ineffective. Further description of the use
of PAM inirrigation water isfound on page 194. This summary reports that
application by irrigatorsisrelatively new and requires current information on
effective application rates. Research and associated outreach should continueto
providethistype of information. Research on the environmental fate and potential
ecological effectsof PAM use should continue aswell.
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On sprinkler irrigated land, the design rate of application should bewithin arange
established by the minimum practical application rate under local climatic condi-
tions and the maximum rate consi stent with the intake rate of the soil and the
conservation practices used on the land. Sprinkler systems should be designed for
zero runoff so no water leaves the point of application. The effects on erosion and
the movement of sediment, and sol uble and sediment-attached substances carried
by runoff should be considered whether surface or sprinkler irrigation systemsare
employed.

Practices for Use of Runoff Water or Tailwater

The use of runoff water to provide additional irrigation or to reduce the amount of
water diverted increasesthe efficiency of use of irrigation water. For surface
irrigation systemsthat require runoff or tailwater as part of the design and opera-
tion, atailwater management practiceisneeded. The practiceisdescribed as
follows:

O Irrigation System, Tailwater Recovery (447): Afacility to collect, store,
and transport irrigation tailwater for reuseinthefarmirrigation distribution
system.

Practices for Drainage Water Management

Drainage water from an irrigation system should be managed to reduce deep perco-
lation, move tailwater to the reuse system, reduce erosion, and help control adverse
impacts on surface water and ground water. A total drainage system should be an

integral part of the planning and design of an efficient irrigation system.

There are several practicesto accomplishthis:

O Filter Strip (393): A strip or area of vegetation for removing sediment,
organic matter, and other pollutants from runoff and waste water.

O SurfaceDrainageField Ditch (607): A graded ditch for collecting excess
water inafield.

O SubsurfaceDrain (606): A conduit, such as corrugated plastic tile, or
pipe, installed beneath the ground surfaceto collect and/or convey
drainage water.

O Water Table Control (641): Water table control through proper use of
subsurface drains, water control structures, and water conveyance
facilitiesfor the efficient removal of drainage water and distribution of
irrigation water.

O Controlled Drainage (335): Control of surface and subsurface water
through use of drainagefacilitiesand water control structures.

Practices for Backflow Prevention

TheAmerican Society of Agricultural Engineersrecommends, in standard EP4009,
safety devicesto prevent backflow when injecting liquid chemical sinto pressur-
izedirrigation systems (ASAE, 1989).

Theprocess of supplying fertilizers, herbicides, insecticides, fungicides,
nematicides, and other chemical sthrough irrigation systemsisknown as
chemigation. A backflow prevention systemwill “prevent chemical backflow to the
water source” in cases when theirrigation pump shuts down (ASAE, 1989).
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Three factors an operator must take into account when selecting a backflow
prevention system are the characteristics of the chemical that can backflow, the
water source, and the geometry of theirrigation system. Areas of concerninclude
whether injected material istoxic and whether there can be backpressure or
backsiphonage (ASAE, 1989; EPA, 1991b). Several different systemsused as
backflow preventersare:

O Air gap. A physical separation inthe pipelineresulting in aloss of water
pressure. Effective at end of line service wherereservoirs or storage tanks
aredesired.

O Check valvewith vacuum relief and low pressuredrain. Primarily
used as an antisiphon device (Figure 4f-20).

O Doublecheck valve. Consists of two single check valves coupled within
one body and can handl e both backsi phonage and backpressure.

O Reduced pressureprinciplebackflow preventer. Thisdevice can be
used for both backsiphonage and backpressure. It consists of apressure
differential relief valvelocated between two independently acting check
valves.

O Atmosphericvacuum breaker. Used mainly inlawn and turf irrigation
systems that are connected to potable water supplies. This system cannot
beinstalled where backpressure persists and can be used only to prevent
backsiphonage.

O Pumpinterlocking. Application of chemicalsin sprinkler systemsrequire
aninjection pump. By interlocking the injection pump with the water pump,
theinjection pump isonly powered when the water pump isoperating.

Figure 4f-20. Backflow prevention device using check valve with vacuum relief and low

pressure drain (USDA-NRCS, 1997a).
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Practice Effectiveness

Thefollowing isinformation on pollution reductionsthat can be expected from
installation of the management practices outlined within this management measure.
However, it should be noted that practice effectivenessis determined through
experience and eval uations based on system limitations, topography, climate, etc.,
and cannot merely be selected from achart. The efficiency and effectiveness
figuresgiven below arefor illustrative purposes.
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Inareview of awiderange of agricultural control practices, EPA (1982a) deter-
mined that increased use of call periods, on-demand water ordering, irrigation
scheduling, and flow measurement and control would all result in decreased | osses
of salts, sediment, and nutrients. Various alterationsto existing furrow irrigation
systemswere also determined to be beneficial to water quality, asweretailwater
management and seepage control.

Logan (1990) reported that chemical backsiphon devicesare highly effective at
preventing theintroduction of pesticidesand nitrogen to ground water. The
American Society of Agricultural Engineers (ASAE) specifies safety devicesfor
chemigation that will prevent the pollution of awater supply used solely for

irrigation (ASAE, 1989). Irrigation
management practice
Properly designed sprinkler irrigation systemswill havelittle runoff (Boyle Engi- systems can reduce
neering Corp., 1986). Furrow irrigation and border check or border stripirrigation suspended sediment
systemstypically produce tailwater, and tailwater recovery systemsmay be loading to streams.

needed to manage tailwater |osses (Boyle Engineering Corp., 1986). Tailwater can
be managed by applying the water to additional fields, by treating and rel easing the
tailwater, or by reapplying thetailwater to upslope cropland.

The Rock Creek Rural Clean Water Program (RCWP) project in Idaho isthe
source of much information regarding the benefits of irrigation water management
(USDA, 1991). Cropsin the Rock Creek watershed areirrigated with water
diverted from the Snake River and delivered through anetwork of canalsand
laterals. The combined implementation of irrigation management practices,
sediment control practices, and conservation tillage resulted in measured reduc-
tionsin suspended sediment |oadings ranging from 61% to 95% at six stationsin
Rock Creek (1981-1988). Similarly, 8 of 10 sub-basins showed reductionsin
suspended sediment loadings over the same time period. The sediment removal
efficiencies of selected practices used in the project are given in Table 4f-6.

Normally, dripirrigation will havethe greatest irrigation efficiency and contour
ditchirrigation will havethelowest irrigation efficiency. See Table 4f-7 for appli-
cation efficiencies of various systems and Table 4f-8 for arange of deep percola-
tion and runoff losses from surface and sprinkler methods. Tailwater recovery
irrigation systems are expected to have the greatest percolation rate. USDA
projectssignificant increasesin overall irrigation efficiencieswhen tailwater
recovery facilitiesare used (Table 4f-9).

Plot studiesin Californiahave shown that in-season irrigation efficienciesfor drip
irrigation and Low Energy Precision Application (LEPA) are greater than those for
improved furrow and conventional furrow systems (Table 4f-10). LEPA isalinear
move sprinkler system in which the sprinkler heads have been removed and
replaced with tubesthat supply water to individual furrows (Univ. Calif., 1988).
Dikesare placed in the furrows to prevent water flow and reduce soil effectson
infiltrated water uniformity.

Mielkeand Leavitt (1981) studied the effects of tillage practice and type of center
pivot irrigation on herbicide (atrazine and a achlor) lossesin runoff and sediment.
Study resultsclearly show that, for each of threetillage practices studied, low-
pressure spray hozzlesresult in much greater herbicide lossin runoff than either
high-pressure or low-pressureimpact heads.
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Table 4f-6. Sediment removal efficiencies and comments on BMPs evaluated (USDA, 1991).

Sediment Removal

Practice Efficiency (%) Comment
Average Range

Sediment basins: field, farm, subbasin 87 75-95 Cleaning costly.

Mini-basins 862 0-95 Controlled outlets essential. Many
failed. Careful management required.

Buried pipe systems (incorporating 83 75-95 High installation cost. Potential for

mini-basins with individual outlets increased production to offset costs.

into a buried drain) Eliminates tailwater ditch. Good
control of tailwater.

Vegetative filters 50? 35-70 Simple. Proper installation and
management needed.

Placing straw in furrows 50 40-80 Labor-intensive without special
equipment. Careful management
required.

aMean of those that did not fail.

Table 4f-7. Ranges of irrigation application efficiencies from various sources.

Application Efficiency, %
Irrigation System Duke, 1987'" USDA-NRCS, 1997a  Hill, 19942
Center Pivot 70-90 75-85 80
Linear Move 80-87 80
LEPA 90-95
Solid Set Sprinklers 60-75 70-80
Periodic Move Lateral 60-75 70-80
Drip 75-100 80-90
Level Basin 70-90 80
Border 60-75
Furrow 60-70
Furrow — sandy soil 20-60 40-50
Furrow — clay soil 50-90 65
Contour Ditch 35-60 45-55
"Typical single event efficiencies
2 Possible values for various systems with good design and above average management practices

Table 4f-8. Ranges of Application Efficiency E, and runoff, deep percolation, and

evaporation losses (Hill, 1994).!

Method Hi Low Typical
Surface Irrigation
E, 72 24 50
Runoff Losses 55 5 20
Deep Percolation Losses 65 20 30
Sprinkler Irrigation
E, 84 52 70
Evaporation Losses 45 8 12
Deep Percolation Losses 37 8 18
'determined from field evaluations in Utah
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Table 4f-9. Overall efficiencies obtainable by using tailwater recovery and reuse facility (USDA-NRCS, 1997a).

Original %of ~  ----- First reuse----- ~ ----- Second reuse----- = ----- Third reuse-----  -----| Fourth reuse-----
applic water %of Effect Accum %of Effect Accum %of Effect Accum %of Effect Accum
effic reused orig use - effect orig use - effect orig use - effect orig use - effect
water %of water  %of water %of water  %of
% used orig % used orig % used orig % used orig %
60 40 16 9.6 69.6 2.6 1.5 711 1.1 0.7 71.8 0.2 0.1 719
60 24 144 744 5.8 35 77.9 1.4 0.8 78.7 0.4 0.2 78.9
80 32 192 792 10.2 6.1 85.3 3.3 2.0 87.3 1.0 0.6 87.9
50 40 20 10.0 60.0 4.0 2.0 62.0 0.8 0.4 62.4 0.2 0.1 62.5
60 30 15.0 65.0 9.0 45 69.5 2.7 1.4 70.9 0.8 0.4 71.3
80 40 20.0 70.0 16.0 8.0 78.0 6.4 3.2 81.2 2.6 1.3 825
40 40 24 9.6 496 5.8 2.3 52.9 1.4 0.6 53.5 0.3 0.1 53.6
60 36 144 544 13.0 52 59.6 4.7 1.9 61.5 1.7 0.7 62.2
80 48 19.2 59.2 23.0 9.2 68.4 11.0 44 72.8 5.3 2.1 74.9
30 40 28 84 384 7.8 2.4 40.8 2.2 0.7 415 0.6 0.2 a41.7
60 42 126 426 17.8 5.3 49.9 7.5 23 52.2 3.1 0.9 53.1
80 56 16.8 46.8 314 9.4 56.2 176 53 61.5 9.8 3.0 64.5
20 40 32 6.4 264 10.2 2.1 28.5 3.2 0.7 29.2 1.0 0.2 29.4
60 48 96 296 23.0 4.6 34.2 1.0 22 36.4 5.3 1.1 37.5
80 64 128 328 41.0 8.2 41.0 262 53 46.3 175 35 49.8

Table 4f-10. Irrigation efficiencies of selected irrigation systems for cotton (California SWRCB, 1992).

Seasonal Distribution Irrigation Deep

System Year Irrigation (in.)  Uniformity (%) Efficiency (%) Percolation (in.)
Subsurface Drip Irrigation 1989° 23.54 79 86 243

1990° 24.04 76 81 3.98
LEPA (Low Energy 1989 19.89 80 82 2.88
Precision Application) 1990 26.55 92 74 6.13
Improved Furrow 1988 29.77 60 35 18.9

1990 20.19 82 66 6.06
Conventional Furrow 1989 30.75 61 35 19.39

1990 28.76 72 62 9.85
Tincludes one preirrigation with hand move sprinklers

National Management Measures to Control Nonpoint Source Pollution from Agriculture 1-195



Chapter 4: Management Meausres

Factors in Selection of Management Practices

Irrigation Scheduling

Selecting awater scheduling method will depend on the availability of climatic
data. Crop water use depends on the type of crop, stage of growth, temperature,
sunshine, wind speed, relative humidity and soil moisture content. Water use can
be estimated based on maximum daily temperatures and the growth stage of the
crop. If climatic data cannot be measured on site or isnot available nearby, it may
be more appropriate to scheduleirrigation from representative field soil water
measurements.

Determining water holding capacity for thefieldiscritical in water scheduling.
Wherelargedifferencesin soil texturearefoundinanirrigated field, particular
attention should be paid to the coarsest textures. Coarsetextureswill hold less
availablewater than finer textured soilsand will reach depl etion sooner. Know!-
edge of soil texture and soil moisture statuswill hel p determine the appropriate
application rate and depth, so runoff and deep percolation are minimized. Variable
rate application of water should be considered if water holding capacitiesrange
sgnificantly.

Efficient Irrigation Water Application

The selection of an appropriateirrigation system should be based on having
sufficient capacity to adequately meet peak crop water demandsfor the crop with
the highest peak water demand in the rotation. The system capacity is dependent
on the peak period evapotranspiration rate, crop rooting depth, available water
holding capacity of the soil, and irrigation efficiency. Other potentially limiting
factorsarewater delivery capacity and permitted water all ocation (Table 4f-4).

Other factorsthat should be considered when selecting anirrigation system are the
shape and size (acres) of the field and the topography. Field slope and steepness
will determine whether surface or sprinkler irrigation can be used. If surface
application of water ischosen, land leveling may be required to more efficiently
spread water over thefield.

A sprinkler system can and should be designed to apply water uniformly without
runoff or erosion. The application rate of the sprinkler system should be matched
to theintake rate of the most restrictive soil inthefield. If the application rate
exceedsthe soil intakerate, the water will run off thefield or relocate within the
field resulting in areas of over application that could percol ate soluble chemicalsto
ground water. Care should be taken in apivot system to match endguns with soil
water intakerates.

If secondary salinization fromirrigation isaproblem, an application method must
be chosen to keep salts|eached bel ow the root zone.

The selected water application method will also depend on whether chemigationis
to be used. Coverage, timing, and type of chemical application will determine
which application method will be most efficient. Chemigation with surfaceirriga-
tion should be avoided when alternative methods are avail abl e for the application
of fertilizersand pesticides. Additional costsfor pollution prevention may be
incurred when chemigating.
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Tailwater recovery may berequired if surface chemigationis practiced, and
backflow preventionisneeded if sprinkler chemigation isused.

Cost and Savings of Practices

Costs

Coststoinstall, operate and maintain anirrigation system will depend on thetype
of irrigation system used. In order to efficiently irrigate and prevent pollution of
surface and ground waters, theirrigation system must be properly maintained and
water measuring devices used to estimate water use.

A cost of $10 per irrigated acreis estimated to cover investmentsin flow meters,
tensiometers, and soil moisture probes (EPA, 1992a; Evans, 1992). The cost of
devices to measure soil water ranges from $3 to $4,900 (Table 4f-11). Gypsum
blocks and tensiometers are the two most commonly used devices.

For quarter-section center pivot systems, backflow prevention devices cost about
$416 per well (Stolzenburg, 1992). Thiscost (1992 dollars) isfor: (1) an

8-inch, 2-foot-long unit with acheck valveinside ($386); and (2) aone-way
injection point valve ($30). Assuming that each well will provide about 800-1,000
gallons per minute, approximately 130 acreswill be served by each well. The cost
for backflow prevention for center pivot systems then becomes approximately
$3.20 per acre. In South Dakota, the cost for an 8-inch standard check valveis
about $300, while an 8-inch check valve with inspection points and vacuum
release costs about $800 (Goodman, 1992). The latter are required by State law.
For quarter-section center pivot systems, the cost for standard check valvesranges
from about $1.88 per acre (cornersirrigated, covering 160 acres) to $2.31 per acre
(circular pattern, covering about 130 acres). To maintain existing equi pment so
that water delivery isefficient, annual maintenance costs can be figured at 1.5% of
the new equipment cost (Scherer, 1994).

Tailwater can be prevented in sprinkler irrigation systemsthrough effective
irrigation scheduling, but may need to be managed in furrow systems. Thereuse
of tailwater downslope on adjacent fieldsisalow-cost alternativeto tailwater
recovery and upslope reuse (Boyle Engineering Corp., 1986). Tailwater recovery
systems require asuitabl e drainage water receiving facility suchasasump or a

Table 4f-11. Cost of soil water measuring devices.

Device Approximate Cost
Tensiometers? $50 and up, depending on size
Gypsum blocks® $3-4, $200-400 for meter
Neutron Probe® $4,900

Phene Cell? $4,000-4,500

Tensiometers and soil moisture probes? $10 perirrigated acre

a Hydratec, 1998.

bSneed, 1992.

¢Cambell Pacific Nuclear, 1998.
dEvans, 1992.
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Polyacrylamide Application for Erosion and

| nfiltration Management

Polyacrylamide (PAM) isawater soluble polymer produced for agricultural useto control erosion and promote
infiltration onirrigated lands. When applied to soils, erosion-prevention PAM bindsfine-grained soil particles
within thetop 1/16 inch (1-2 mm) of soil. It isnot only used for erosion control, but it isalso employedin
municipal water treatment, paper manufacturing, food and animal feed processing, cosmetics, friction reduction,
mineral and coal processing, and textile production.

PAM comesin many formulationswhich should not be confused. The super water-absorbent PAM used to increase
soil water holding capacity isnot the PAM used for erosion control. Most states require environmental, safety, and
efficacy evaluation for registration, labeling, and sale of soil amendments. Erosion control PAM formul ations
have been registered and labeled by individual stateswhere salesand use occur, and farmers should purchase only
registered and properly labeled PAM from reputable agrichemical dealers. A compendium of PAM-related re-
search and user information isavailable at the website http://kimberly.ars.usda.gov/pamPage.shtml .

Availability and Application

Erosion-prevention PAM isavailablein blocks or cubes, or asapowder, aqueous concentrate or emulsified
concentrate. Each form has benefits and drawbacksthat would alter efficacy in different settingsand with different
application methods. Additional factorsthat affect PAM’ s effectivenessincludeirrigation inflow rate, duration of
furrow exposure, and soil salinity. Erosion prevention PAM costs range from $3-$8 per pound, depending on the
application form purchased, and istypically effective at applicationsof 1 1b. per crop-acre with each treated
irrigation (Sojka, 1999). Amounts applied per crop-acre can be reduced with repeat irrigations.

Application rates of PAM recommended by the Natural Resources Conservation Service (NRCS) and Agricultural
Research Service (ARS) are 10 ppm in theirrigation inflow during the furrow-advance period (only). ARS has
reported results using the following application methods:

O addingdry granulesto theirrigation water in agated irrigation pipe;
O adding astock solution to furrow heads; and
O placing 1/2to 1 oz. powder patchesdirectly on the soil immediately below furrow inlets.

Environmental Pros and Cons

Studies using erosion-prevention PAM have shown a94% reduction of sediment lossin irrigation runoff, although
thereissomevariability in results dueto differing application techniques and management practices. At the same
time, PAM hasresulted in some casesin higher crop yields, improved crop emergence, and decreased soil
crusting. In addition to sediment removal, PAM-based erosion control has been shown to improve off-site water
quality through reduction of N, B, BOD, herbicides, pesticides, microorganisms and weed seedsin irrigated runoff
contributing to return flowsto riparian surface waters (see Table 1).

PAM, like conservationtillage, no-till, and various other infiltration and runoff management systems, increases
infiltration. Aswith any soil management system that reduces return flow pollution through improved infiltration
and runoff prevention, greater attention should be paid toirrigation water volume application, inflow control, and
cropirrigation scheduling. The NRCS and ARS encourage increasing the furrow irrigation inflow rate, resultingin
shortened advance times and preventing |eaching of surface applied nutrients or agrichemicalsfrom over-irriga-
tion of the near end of the field when using PAM for erosion control.

Most of the concern regarding PAM has arisen because of acrylamide (AM D), the monomer associated with PAM
and a.contaminant of the PAM manufacturing process. AMD has been shown to be both aneurotoxin and acarcino-
genin laboratory experiments. Current regulations require that AM D not exceed 0.05% in PAM products. At the
application rates prescribed by the NRCS, the concentration of AMD in outflow watersis several orders of
magnitude lessthan what is considered toxic. According to theARS, AM D decomposesin 18 to 45 hoursin
biologically active environments (Barvenik et a ., 1996). Although there seemsto belittlerisk fromAMD asa
result of prescribed application of PAM, care should be taken to avoid spills, over-application, or other unforeseen
accidents astheir effects are uncertain (See Table 2).
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Table 1. PAM’s beneficial effects on the environment and crop production (Sojka and Lentz, 1996).

What PAM Does Environmental Benefit
Decrease sediment loading Decrease turbidity
Improve clarity

Decrease P, N, pesticides, sdts, pathogens
Decrease BOD, eutrophication
Decrease weed seed in runoff
Improve soil tilth Increase infiltration
Decrease runoff
Bindsfine soil particles Decrease wind erosion
Accderates clarification of turbid water bodies
Prevents erosion
I ncrease soil water storage Improvesirrigation efficiency
Decrease plant stress
Improve plant vigor

Table 2. PAM’s potential detrimental effects on the environment and crop production (Dawson et a., 1996 in
Sojka and Lentz, 1996; Sojka, personal communication, 2000).

What PAM Does Potential Detrimental Effect Preventative M easur es

Increased infiltration At prescribed rates on fine or medium Increase irrigation flow rate to prevent
textured soil, PAM can increase infiltration over-irrigation of the near end of the field.
comparable to no-till, risking drainage and
leaching of nutrient or chemicals.

Reduce infiltration Over-application of PAM, or useoncoarse ~ Careful application suited to site-specific
textured soil, can reduce infiltration. needs.

Unknown effects on While safe at prescribed rates, large spillsor ~ Take care to avoid spills; use as directed.

fish and wildlife excessive application may affect habitat.

Anionic PAM (containing lessthan 0.05% AMD), the form registered by statesfor usein erosion control prod-
ucts, isnot toxic to aguatic, soil, or crop species when used as directed at specified rates. The moleculeistoo
large to cross membranes, so it is not absorbed by the gastrointestinal tract, isnot metabolized, and does not
bioaccumulatein living tissue. PAM effects on aguatic biotaare buffered if the water contains sediments, humic
acids, or other impurities (Barvenik et al., 1996). While assessments of PAM effectsdirectly on wildlife have not
been conducted, thefact that PAM isapplied in very diluteform to land viairrigation water, and largely stayson
targeted fields, coupled with highly positive effects on several important runoff water quality components,
suggestslittle danger if 1abel directionsand cautions arefollowed. This perception is strengthened by the fact that
PAM hasbeen used in avariety of industrial water treatment uses and land disposed for decades, with no reported
adverse effectson wildlife. Published soil microbial studies have shown no negativeimpact on soil microfloraor
microfaunain treated fields. Furthermore, erosion control PAMs are restricted to anionic formsthat are al so used
in human food processing and cosmetic and pharmaceutical preparations.

Conclusion

Anionic PAM has proven an effective erosion control technology since research beganin 1991. Continued USDA
research and extension efforts since 1995 have resulted in amillion acres of PAM use annually since 1998, with
no reports of adverse environmental consequences. PAM has been shown to prevent the entry of sediment, nutri-
ents, and pesticidesinto riparian watersviairrigation runoff and return flows. However, the learning curve for
effective PAM useis steep and sometimes counter intuitive. Farmersneed to be well informed of PAM properties
and application requirements. While PAM isanimportant additional erosion-combating conservation tool that can
often be effective where other approachesfail, it should not be used as asubstitute for good overall farm manage-
ment and abalanced and effective conservation plan. PAM cannot make up for failure toimplement effective
overall conservation practices and environmental ly responsible farm management, but can provide essential
erosion protection in many situations where other solutions have proven uneconomical or ineffective.
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holding pond, and apump and pipelinesto return thetailwater for reapplication
(Boyle Engineering Corp., 1986). The cost toinstall atailwater recovery system
was about $125/acrein California (CaliforniaSWRCB, 1987) and $97.00/acrein
the Long Pine Creek, Nebraska, RCWP (Hermsmeyer, 1991). Additional costs
may beincurred to maintain the tailwater recovery system.

The cost associated with surface and subsurface drainsislargely dependent upon
the design of the drainage system. Infiner textured soils, subsurface drains may
need to be placed at closeintervalsto adequately lower the water table. To convey
water to adistant outlet, land area must be taken out of production for surface
drainsto remove seeping ground water and for collection of subsurface drainage.

TheAgricultural Conservation Program (A CP) has been phased out and replaced
by the Environmental Quality Incentive Program (EQIP) inthe 1996 Farm Bill.
However, the Statistical Summaries (USDA-FSA, 1996) from the ACP contain
reliable cost-share estimates. The following cost information istaken from these
summaries and assumes a 50% cost-share to obtain capital cost estimates. The
ACP program has aunique set of practice codesthat are linked to a conservation
practice. Thecost toinstall irrigation water conservation systems (FSA practice
WC4) for the primary purpose of water conservation in the 33 States that used the
practice was about $73.00 per acre served in 1995. Practice WC4 increased the
averageirrigation system efficiency from 47% to 64% at an amortized cost of
$10.41 per acre foot of water conserved. The components of practice WC4 are
critical areaplanting, canal or lateral, structure for water control, field ditch,
sediment basin, grassed waterway or outlet, land |eveling, water conveyance ditch
and canal lining, water conveyance pipeline, trickle (drip) system, sprinkler
system, surface and subsurface system, tailwater recovery, land smoothing, pit or
regulation reservoir, subsurface drainage for salinity, and toxic salt reduction.
When installed for the primary purpose of water quality, the averageinstallation
cost for WC4 was about $67 per acre served. For erosion control, practice WC4
averaged approximately $82 per acre served. Specific cost datafor each compo-
nent of WC4 are not available.

Water management systemsfor pollution control, practice SP35, cost about $94
per acre served when installed for the primary purpose of water quality. When
installed for erosion control, SP35 costs about $72 per acre served. The compo-
nents of SP35 are grass and legumesin rotation, underground outlets, land
smoothing, structuresfor water control, subsurface drains, field ditches, mains or
laterals, and toxic salt reduction.

Thedesign lifetimesfor arange of salt load reduction measuresare presented in
Table4f-12 (USDA-ASCS, 1988).
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Table 4f-12. Design lifetime for selected salt load reduction measures (USDA-ASCS, 1988).

Practice/Structure Design Life (Years)
Irrigation Land Leveling 10
Irrigation Pipelines — Aluminum Pipe 20
Irrigation Pipelines — Rigid Gated Pipe 15
Irrigation Canal and Ditch Lining 20
Irrigation Head Ditches 1
Water Control Structure 20
Trickle Irrigation System 10
Sprinkler Irrigation System 15
Surface Irrigation System 15
Irrigation Pit or Regulation Reservoir 20
Subsurface Drain 20
Toxic Salt Reduction 1
Irrigation Tailwater Recovery System 20
Irrigation Water Management 1
Underground Outlet 20
Pump Plant for Water Control 15
Savings

Savings associated with irrigation water management generally come from reduced
water and fertilizer use.

Steeleet al. (1996) found that improved methods of irrigation scheduling can
produce significant savingsin seasonal irrigation water totalswithout yield reduc-
tions. Inasix-year continuous corn field study, a31% savingsin seasonal irriga-
tion totalswasrealized compared to the average commercial grower inthe same
irrigation district. Corn grain yieldswere maintained at 3% above average corn
grainyieldsintheirrigation district.
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